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@ Semiconductor Integrated circuit 

(S\ A semiconductor integrated circuit having first and second 
pSwer supply lines (Vcc.Vss) for receiving a power supp^ 
voltage, an external input tennlnal (84) receiving an In^^^^ 
signal, and a high voltage detection circuit (6) for detecting at 
the external input terminal a high voltage higher than a 
predetermined voltage which is higher than the power supply 
voltage. The high voltage detection circuit {6} comprises^ 
input circuit (61) connected to the externa! input terminal (84) 
tor generating a detection voltage; a reference voltage 
generating circuit {Q31<I34) for generating a reference 
voltage; w»d a differential voltage amplifier (62) connected to 
recede the detection voltage and the reference voltage for 
amplifying the difference between the detection voltage and the 
reference voltage, to thereby determine whether the high 
voltage is applied. The input circuit comprises a level shlf^ 
element (Q21-Q25) connected to the external input tenminal 
(84) for providing the detection voltage; an impedance element 



(Q26-Q27) connected between the level shift element and the 
second power supply line (Vss); and a leak current compensat- 
ing element (Q28.Q29) connected between the ft^PO^e^ 
supply line (Vcc) and the level shift element for a«ovjrtng a 
current to flow from the first power supply line through the leak 
current compensating element and ^^^J^^Pf ^^^^^^^^^^ 
the second power supply line when the high voltage is not 
applied to the external input terminal. 



Fig. 3B 
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Descripti n 



SEMICONDUCTOR iNTEGRATED CIRCUiT 



The present Invention relates to a semiconductor 
integrated circuit For example, the invention can 
constitute a semiconductor integrated circuit com- 5 
prising a memory cell array which can be switched 
trom a usual mode to a test mode, or vice versa. In , 
accordance with the potential value of an input signal 
supplied from an external input terminal. 

Recently, the capacity of a memory cell an^y has 10 
been increased and when a memory ceil array havrng 
a large capacity (e.g.. 1 (mega words) x 1 (bit) Is 
tested, the time needed for successively writing test 
data to each of the memory cells, and for success- 
ively reading test data from each of the memory 15 
cells, is increased. For example, if a test of a dynamic 
RAM having the above capacity and a cycle time of 
about 260 nano seconds is carried out using a March 
pattern (a well known test pattern), a test time of 
about 3.2 seconds Is needed for carrying out the 20 
above test. Also, the test time is further increased 
according to the Increase of the kinds of tests 
needed, and accordingly, the cost of carrying out 
these tests is also increased. 

Thus, in order to test a memory cell array having a 25 
large capacity within a comparatively short time, the 
memory cell array Is divided Into several memory 
blocks, and each memory block is connected to a 
data input terminal and a data output terminal 
through a functional block for usual operation, which 30 
functions when the memory cell array operates in a 
usual mode, and a functional block for testing which 
functions when the memory cell array operates in a 
test mode. The functional block for a usual operation 
usually comprises a decoder for selecting one of the 35 
memory blocks. , 

Thus, in a write mode, predetermined write data is 
written to a predetermined memory cell arranged in 
the memory block selected by the decoder provided 
In the functional block for a usual operation. On the 40 
other hand, in a read mode, data written in a 
predetermined memory cell arranged in the memory 
block selected by the above decoder Is output as 
read data. 

Further, when a test for the memory cell array is 45 
carried out. the above circuits formed through the 
functional block for a usual operation are switched 
to the circuits formed through the functional block 
for testing, and the test data is simultaneously 
written to each of the corresponding memory cells SO 
arranged in each of the memory blocks, through the 
functional block for testing. Thus, in a test mode, it Is 
possible to simultaneously carry out a test for all 
memory blocks within a relatively short time. 

In the semiconductor integrated circuit having a 55 
construction such as above, it is necessary to 
provide a tenninai for supplying a signal for switch- 
ing the operational mode of the memory cell array 
from the outside, e.g.. for switching the memory cell 
array from a usual mode to a test mods, or vice 60 
versa. 

However, the number of terminals which can be 
provided in the pacl<age receiving the chip of the 



semiconductor integrated circuit is Hmited. and 
therefore, it Is difficuit to provide an exclusive 
terminal In the package for receiving the signal for 
switching the operational mode of the memory cell 
array from the outside and thus carry out the test for 
the memory cell array after the chip has been 
received In the package, especially when the 
capacity of the memory ceU array has been in- 
creased. , 

Accordingly, it has been proposed to supply an 
input signal from the outside, this Input signal having 
a potential set to a different value in the test mode 
from that of the input signal supplied in a usual 
mode, by using an existing terminal provided in the 
package (e.g.. an address terminal connected to the 
above decoder for selecting one of the memory 
blocks), and to switch the operational mode of the 
memory cell an-ay from a usual mode to a test mode, 
or vice versa, in accordance with a signal output by a 
voltage detecting circuit which detects the potential 
of the input signal. 

However, in the conventional voltage detecting 
circuit if the input signal having a predetenmlned 
potential is supplied from the outside to an externa^ 
input terminal (e.g.. the address terminal connected 
to the above decoder), a predetermined leak cun-ent 
flows into the external Input terminal even when the 
operational mode of the internal circuit is in the usual 

""m^this connection, in such a semiconductor 
Integrated circuit, the leak current due to the input 
signal flowing from the outside Into the external 
input terminal of the semiconductor ntegrated 
circuit is limited to within, for example, 10 jiA 
(microamperes), as a rated value. . . 

Such a rated value is usually determined in 
accordance with a driving ability of the driver circuit 
for the semiconductor integrated circuit comprising, 
for example, the dynamic RAM. Namely, considering 
the actual state in the usual mode of such a 
semiconductor integrated circuit, a number ot 
semiconductor Integrated circuits (about one hun- 
dred semiconductor Integrated circuits, for 
example) are often driven in parallel by a common 
driver circuit. . 

Therefore, if one hundred semiconductor inte- 
grated circuits are driven by the common driver 
circuit and the value of each leak current flowing 
from the driver circuit into each external input 
terminal of the semiconductor integrated circuits 
exceeds the above rated value (ie. W\xAl the dnver 
circuit must output a current having a total value in 
the mA (milliampere) range. In order to dnve the 
above one hundred semiconductor Integrated cir- 

^^Therefore. if the leak current flowing from the drive 
circuit into the external input terminal of the 
semiconductor integrated circuit exceeds thaabove 
rated value (e.g.. lOjiA). a problem arises m that the 
driving ability of the driver circuit Is not sufficient for 
driving afl of the above semiconductor integrated 
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circuits in the usual mode and the possibility of the 
destruction of transistors provided in, for example, 
the driver circuit, may arise. 

In accordance with the present invention, a 
semiconductor integrated circuit comprises first and 
second povi^er supply lines for receiving a power 
supply voltage; an external input terminal for 
receiving an input signal; a reference voltage 
generating circuit tor generating a reference volt- 
age; and a differential voltage signal generator 
comprising level shift means connected to the 
external input terminal for providing a detection 
voltage, impedance means connected between the 
level shift means and the second power supply line. 
Ieal< current compensating means connected bet- 
ween the first power supply line and the level shift 
means and a differential voltage amplifier connected 
to receive the detection voltage and the reference 
voltage for amplifying the difference between the 
detection voltage and said reference voltage. 

The present invention has been created to solve 
the above problem by suppressing the leak current 
flowing from the driver circuit Into the external input 
temilnal of the semiconductor integrated circuit In 
the usual mode. 

In one an-angement, there is provided a semicon- 
ductor integrated circuit comprising an internal 
circuit; an external input terminal for receiving an 
input signal for switching the operational mode of 
the Internal circuit; a differential voltage generator 
comprising a plurality of first transistors connected 
in series between the external input terminal and a 
first power supply line and generating a first voltage 
from a first node formed by two predetermined 
adjacent transistors of the first transistors, at least a 
second transistor connected between a second 
power supply line and a second node fomied by the 
two predetermined adjacent transistors of the first 
transistors, and a plurality of third transistors 
connected in series between the first and second 
power supply lines and generating a second voltage 
from a third node fomied by two predetermined 
adjacent transistors or the third transistors; and a 
differential voltage amplifier connected to the first 
node and the third node, for amplifying a differential 
voltage between the first voltage and the second 
voltage, thereby determining whether the oper- 
ational mode of the internal circuit is a test mode or a 
usual mode. ... u 

Thus, the potential of the input signal in which the 
current begins to flow from the outside Into the 
external Input terminal of the semiconductor inte- 
grated circuit depends not only on the threshold 
voltage of the above transistors, but also on the 
potential of the second power supply line. In other 
words, no leak current flows from the driver circuit 
into the external input terminal of the semiconductor 
integrated circuit, unless the potential of the input 
signal reaches the value set in the test mode. 

As a result, it is possible to suppress the leak 
cun-ent flowing from the driver circuit into the 
external input terminal of the semiconductor inte- 
grated circuit in the usual mode, and to reduce the 
driving ability of the driver circuit for driving a 
number of semiconductor integrated circuits. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 Is a block diagram Illustrating an 
example of a semiconductor Integrated circuit 
5 comprising a memory cell an^ay for which a test 

can be carried out within a comparatively short 

Fig. 2A and Fig. 2B show a detailed example 
■ of a conventional row enable signal generating 
70 circuit and a conventional voltage detecting 

circuit used In the semiconductor Integrated 
circuit shown in Fig. 1 . respectively; 

Rg. 3A and Fig. SB show a detailed circuit 
Illustrating one embodiment of the row enable 
f5 signal generating circuit and the voltage dietect- 

Ing circuit according to the present Invention, 
as an alternative to the circuits shown in Rg. 2A 
and Fig. 28. respectively; 
Fig. 4 shows ah example of characteristics 
20 corresponding to the relationship between the 

potential of the input signal and the cun-ent 
flowing from the outside into the external Inpift 
terminal in both the voltage detecting circuit^ 
according to the present invention and the 
25 conventional voltage detecting circuit; and. 

Rg. 5A and Fig. 5B are schematic timfng 
diagrams explaining the operation of the volt- 
age detecting circuit according to the present 
invention. 

30 To clarify the background of the present Invention, 
an example of a semiconductor Integrated circuit 
comprising a memory cell array having a large 
capacity, for which a test can be carried out within a 
comparatively short time, is shown In Fig. 1, 
35 In Fig. 1, reference numeral 1 Is a memory cell 
array having a capacity of (1 mega words) x (1 bit) 
comprising four memory blocks 10. 11, 12. and 13, 
and each block has a capacity of (256 kilo words) x 
(1 bit). Reference numeral 2 Is a functional block for 
40 usual operation which functions when the memory 
cell array operates In a usual mode. The functional 
block 2 usually comprises a V4 decoder 21 including 
an address buffer. A row address signal As and a 
column address signal A9' are supplied from the 
45 outside to the V4 decoder 21 through an address 
terminal 84, and the V4 decoder selects one of four 
data buses Do to D3 . which are connected, 
respectively, to four memory blocks 10 to^ 13 In 
accordance with the address sfgnais Ag and 'Ag . 
50 Thus, in a write mode, a predetermined write data 
Din Is written to a predetemilned memory cell in the 
memory block connected to the selected data bus 
through a data input terminal 81, an input buffer 41. 
the decoder 21 . and the selected data bus. Also, in a 
55 read mode, data written in a predeteniiined memory 
cell in the memory block connected to the selected 
data bus Is supplied to a data output terminal 82 as 
read data Dour through the selected data bus, the 
decoder 21. and an output buffer 42. In this 
60 connection, as is well known, row address signals Ao 
to Ab and column address signals Ao' to As' are 
supplied to each of the memory blocks 10 to 13 
through a decoder (not shown In figures) In order to 
designate row and column addresses con^espond- 
65 ing to a predetermined memory cell an-anged In each 
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of the memory blocks 10 to 13, to which the data 
DiNis written in a write mode, or from which the data 
DouT is output in a read mode. 

Although the semiconductor integrated circuit 
shown in Fig. 1 operates as above-mentioned in a 
usual mode, when a test for the memory cell array 1 
is carried out, the circuits formed between the input 
buffer 41 or the output buffer 42 and each of the 
memory biocJcs 10 to 13 are switched from the above 
circuits formed through the functional block 2 for 
usual operation to the other circuits formed through 
the functional block 3 for testing, as described 
below. In this connection, reference numeral 9 is a 
chip, and the above memory cell an^y 1. the 
functional block 2 for usual operation, and the 
functional block 3 for testing are arranged on the 

chip 9. ^ , 

The functional block 3 for testing comprises four 
circuits 31 , 32. 33. and 34 for writing test data to each 
of the memory blocks 10 to 13. and a logic circuit 35 
for logically reading test data output from each of the 
memory blocks 10 to 13. Each of the circuits 31 to 34 
amplifies test data Input from the input buffer 41 , and 
then supplies the test data to each of the corre- 
sponding memory cells arranged in each of the 
memory blocks 10 to 13 by designating the row 
address signals Ao to Ae and the column address 
signals Ao' to Ae' supplied to each of the memory 
blocks. Thus, in a test mode, it is possible to 
simultaneously test the four memory blocks 10 to 13 
by using the above functional block 3 for testing. 

The operation of the whole circuit in a test mode 
will be now explained In more detail. When the test 
for the memory cell array is carried out. test data 
input through the data input terminal 81 and the 
input buffer 41 is simultaneously supplied to each of 
the memory blocks 10 to 13 through each of the 
circuits 31 to 34, and the test data is simultaneously 
written to each of the corresponding memory cells 
(In this case, four memory cells) arranged in each of 
the memory blocks 10 to 13. Then, the test data 
written In each of the corresponding memory cells 
arranged in each of the memory blocks 10 to 13 is 
supplied to the logic circuit 35. which detects 
whether or not the voltage levels of the test data (in 
this case, four sets of data) supplied from each of 
the con-esponding memory cells arranged in each of 
the memory blocks 10 to 13 all coincide. Thus, the 
logic circuit 35 outputs a predetemilned signal only 
when the logic circuit 35 detects that the voltage 
levels of the above four data all coincide, namely all 
of the above corresponding memory cells are 
normal. In this way, all of the corresponding memory 
cells arranged in each of the memory blocks 10 to 13 
are successively tested to determine whether the 
above memory cells are normal or defective. Ac- 
cording to the above construction, as the corre- 
sponding memory cells (in this case, four memory 
cells) arranged In each of the memory blocks are 
simultaneously tested in the test mode, it is possible 
to shorten the test time (in this case, to shorten to 
one fourth) compared with the case wherein each of 
the above corresponding memory cells are tested 
one by one at different times. In this connection, in 
such a memory cell array, as it is divided into several 



memory blocks, it is possible to provide a different 
function to each of the memory blocks 10 to 13 when 
these memory blocks are operated in a usual mode. 
The output signal of the logic circuit 35 is supplied to 
5 the output buffer 42. and thus the test for each of the 
above corresponding memory cells is carried out in 
accordance with the signal Dour output from the 
data output terminal 82 through which the logic 
circuit 35 and the output buffer 42. when the test 
'w data written In each of the above conrespondmg 
memory cells is supplied from each of the memory 
blocks 10 to 13 to the logic circuit 35 In the test 

mode. ^ . ^ . 

In such a semiconductor integrated circuit, It is 

15 necessary to provide a terminal through which an 
input signal for switching the operational mode of 
the Internal circuit is supplied from the outside, in 
order to switch the memory cell an^y from a usual 
mode to a test mode, or vice versa. 
20 However, the number of terminals (pins) which 
can be provided in the package receiving the chip of 
the semiconductor integrated circuit comprising the 
memory cell array is limited to a predetermined 
number, and therefore, it is difficult to provide an 
^ exclusive terminal In the package to which the above 
signal for switching the operational mode of the 
memory cell array can be supplied from the outside, 
in addition to the existing temiinals, in order to carry 
out the test for the memory cell array after the chip 
30 has been received in the package, especially when 
the capacity of the memory cell array becomes large. 

Therefore, it has been proposed to supply an input 
signal from the outside, the potential of which is set 
to a different value in the test mode from that of the 
35 input signal supplied In a usual mode, through the 
existing terminal provided in the package (e.g.. the 
address terminal 84 connected to the decoder 21). 
and to switch the operational mode of the memory 
cell array from the usual mode to the test mode 
40 (namely, from the circuit formed through the func- 
tional block 2 to the circuit formed through the 
functional block 3). or vice versa, in accordance with 
an output signal TE of a voltage detecting circuit 6. 
which detects the potential of the input signal 
45 supplied through the terminal 84. 

Further, in the semiconductor integrated circuit 
shovwi in Fig. 1. a row address strobe signal 
RAS is supplied from the outside to a row enable 
signal generating circuit 5 through a terminal 85. and 
50 a row enable signal REB Is output from the circuit 5. 
The row enable signal REB is supplied to the voltage 
detecting circuit 6 and several other internal circuits. 
A signal REA output from the circuit 5 is also 
supplied to the voltage detecting circuit 6. as 

55 described below in detail. " 

The row address strobe signal RAS is used not 
only as a timing control signal for entering external 
address signals but also as a chip select signal for 
controlling and defining an active period of the 
60 device, as is well known in the art. The row enable 
signal REB Is used to activate various intennal 
circuits, accordingly. 

When the potential of the signal REB changes 
from low level to high level, (namely, when the chip 9 
65 is selected), the voltage detecting circuit 6 is 
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triggered so as to be ab]Q to detect the potential of 
the input signal supplied from the outside through 
the terminal 84, and when the circuit 6 detects that 
the potential of the input signal is set to a 
predetermined different value from that of the input 
signal (e.g.. address signal) supplied in the usual 
mode, the circuit 6 generates the output signal TE 
for switching the operational mode of the memory 
cell array 1. and the memory cell array 1 1s switched 
from the usual mode to a test mode, or vice versa, in 
accordance with the potential of the output signal 

TE. . 

The row address strobe signal RAS is supplied 

from the outside to the circuit 5 through the terminal 
85 at a TTL level (namely, having a predetermined 
low level lower than 0.8 volts, and having a 
predetermined high level higher than 2.4 volts) ^d 
thereby, the potential of the row enable signal REB 
obtained from the outside of the circuit 5 becomes 
Vcc (5 volts, for example) and Vss (0 volt, for 
example), when the voltage level of the row address 
strobe signal rS Is low and high, respectively. 
Then, the row enable signal REB obtained as 
above-mentioned is supplied to several Internal 
circuits besides the voltage detecting circuit 6 in 
order to operate the memory cell array 1 (address 
buffer, for example), and the operation for writing 
data to a predetermined memory cell or for reading 
data from a predetermined memory cell Is perfonned 
every time the voltage level of the row enable signal 
REB becomes high. 

Also, the address terminal 84 connected to the 
decoder 21. for example, is used as the temiinal 
through which the input signal is supplied to the 
voltage detecting circuit 6. Thus, the address 
terminal 84 supplies the row and column address 
signals A9 and As' to the decoder 21 when the 
memory cell array 1 Is In the usual mode, and the 
terminal 84 is also used as the tennlnal through 
which the input signal having the different potential 
value from that of the address signals Ag and Ag' is 
supplied in the test mode. 

Figure 2A and Figure 2B show a detailed example 
of a conventional row enable signal generating 
circuit 5 and a conventional voltage detection 
circuit 6 used in the semiconductor integrated circuit 
shown in Fig. 1. respectively, in Fig. 2A. symbols 
Q11. Q15. and Q17 denote a depletion type 
transistor, shown by adding oblique lines under a 
gate connected to a drain in common, and symbols 
Q12, Q13, Q14. Q16. and Q18 denote an enhance- 
ment type transistor. 

When the potential of the row address strobe 
signal RAS supplied from the outside through the 
terminal 85 changes from high level to low level, the 
transistors Q12 and Q13 are turned OFF, and the 
potential of the node A formed between the 
transistors Q1 1 and Q12 becomes high level. Thus, a 
first clock signal is generated from the node A In 
accordance with^the change of the potential level of 
the signal RAS . 

Further, when the potential of the node A 
becomes high level, the transistors Q14 and Q16 are 
turned ON and the transistor Q18 is turned OFF. and 
the potential of the node B formed between the 



transistors Q17 and Q18 aJso becomes high level. 
Thus a second clock signal Is generated from the 
node B at a timing a little later than that of the first 
clock signal In accordance wlthttie change of the 
5 potential level of the signal RAS. 

In this connection, the first clock signal generated 
from the node A and the second clock signal 
generated from the node B are supplied to the 
voltage detecting circuit 6 as the signals REA and 
10 REB, respectively, as shown in Fig. 1. 

As above-mentioned, the second ctock signal, for 
example, is also used as the row enable signal REB, 
as shown In Fig. 1 . Thus, the above row enable signal 
generating circuit 5 Is also used as a control circuit 
15 for a differential voltage amplifier provided in the 
voltage detecting circuit 6. as described betow In 

detail. ' ^ ^ 1 

Next, in the voltage detecting circuit 6 shown in 
Fig. 2b! reference numerals 61. 62. and 63 denote a 
20 differential voltage generator, a differential voltage 
amprrfier. and a output control circuit, respectively. 

The differential voltage generator 61 comprises a 
plurality of transistors 021 to Q27. for example, 
connected in series between an external Input 
25 terminal (for example, the temiinal 84 shown In 
Fig. 1) and a power supply line having the earth 
potential Vss , and. for example, a plurality of 
transistors Q31 to 034 connected in series between 
a power supply line having a predetermined positive 
30 potential Vcc and the above power supply line having 
the earth potential Vss. Among the above plurality of 
transistors, the transistors 021 to Q26 and 031 and 
033 are enhancement type transistors having a drain 
and a gate connected In common, and the tnansis- 
35 tors 027 and 034 are depletion type transistors 
having a drain and a gate connected in common. 

The differential voltage amplifier 62 comprises a 
plurality of transistors 041 to 061, and among the 
above plurality of transistors, the transistors 041 
40 and 042 are depletion type transistors having a drain 
and a gate connected in common, and the transis- 
tors 043 to 051 are enhancement type transistors. 

The node A in the above circuit 5 is connected to 
each gate of the transistors 043 and 044. and thus 
45 the above clock signal REA is supplied to each gate 
of transistors 043 and 044. Also, the node B in the 
above circuit 5 Is connected to a gate of the 
transistor 051. and thus the above delayed clock 
signal REB Is supplied to the gate of th^ transistor 

so 051. , . 

Also, a node C formed between the transistors 
024 and 025 is connected to a gate of the transistor 
047. and thus the potential of the node C (a 
detection voltage) is supplied to the gate of the 
55 transistor 047. Further, a node D formed between 
the transistors 031 and 032 is connected to a gate 
of the transistor 048. and thus the potential of the 
, node D (a reference voltage) Is supplied to the gate 
of the transistor 048. A node E formed between tHe 
60 transistors 041 and 049 is connected to each gate 
of the transistors O50 and 046. and a node F formed 
between the transistors 042 and 050 is connected 
to each gate of the tmnslstors 049 and 045. Thus, 
the differential voltage amplifier fonns a flip-flop 
6S circuit. 



5 



0255362 



10 



When the input signal having a potential VIM Is 
supplied to the external input terminal (e.g.. the 
terminal 84 shown in Rg. 1). the potential of the node 
C becomes (VIN - 4 Vth) , where Vth is each threshold 
voltage of the transistors Q21 to Q24. On the other 
hand, the potential of the node D becomes 
(Vcc - Vth). where Vth is a threshold voltage of the 
transistor Q31. ^ • ^ 

Therefore, the potential of the node D is deter- 
mined Irrespective of the change of the potential VIN 
of the input signal. On the other hand, the potential 
of the node 0 depends on the change of the 
potential VIN of the input signal. 

Therefore, in the above example, the potential VIN 
of the input signal for switching the operational 
mode of the internal circuit is set to a value higher 
than (Vcc + 3 Vth) in the test mode, and thus the 
potential of the node 0 becomes higher than that of 
the node D (i.e.. Vcc - Vth). On the other hand, in the 
usual mode, the above potential VIN usually 
becomes lower than Vcc , and is determined by the 
potential level (e.g.. TTL level) of the address signal 
supplied, for example, to the terminal 84. Thus, the 
potential of the node C is pulled down to a value 
lower than that of the node D. In this connection, the 
transistors 025 to 027 are connected as a leak path 
between the node 0 and the power supply line 
having the earth potential Vss . through which path 
the potential of the node C is pulled down from high 
level to low level when the operational mode of the 
Internal circuit Is switched from a test mode to a 
usual mode. 

Next each potential of the nodes C and D is 
supplied to each gate of the transistors Q47 and 
048. respectively, and the state of the flip-flop circuit 
provided In the differential voltage amplifier 62 is 
determined in accordance with the relationship 
between the potentials of the nodes C and D. 
Therefore, it is possible to determine whether the 
operational mode of the Intemal circuit Is the test 
mode or usual mode, In accordance with the state of 
the flip-flop circuit ^ , 

Namely, If the potential VIN of the input signal 
becomes higher than the above (Vcc + 3 Vth). the 
potential of the node C becomes higher than that of 
the node D. Thus, when the potential of the first 
clock signal REA generated from the node A 
becomes high level, a predetermined large current 
flows through the transistors 041. 043, 045. and 
047. As a result, the potential of the node E tends to 
become low level, and the potential of the node F 
tends to become high level. Thus, the differential 
voltage due to the different potentials of the nodes E 
and F is produced In the flip-flop circuit. 

Then, when the potential of the second delayed 
clock signal REB becomes high level, the flip-flop 
circuit is triggered and brought to the active state, in 
which the transistors 049 and 051 are turned ON 
and the transistor O50 is turned OFF. Thus, the 
flip-flop circuit Is securely latched in the state in 
which each potential of the nodes E and F Is set to a 
low level and high level, respectively, as long as the 
potential of the node 0 is higher than that of the 
node D in the test mode, inrespective of the change 
of the potential of the clock signal REB. 



Further, the output control circuit 63 compnses a 
plurality of transistors 061 to 068. and among the 
above plurality of transistors 061 to 068, the 
transistors 065 and 067 are depletion type transis- 
5 tors having a drain and a gate connected in common 
and the transistors 061 to 064. 066. and 068 are 
enhancement type transistors. r- ^Mtz 

Thus, when each potential of the nodes E and F 
becomes low level and high level, respectively, in the 
W test mode, the transistor 062 is turned ON and the 
transistor 063 Is turned OFF. Then, the transistor 
066 is turned ON and the transistor 068 is turned 
OFF As a result, the potential of the output signalTE 
obtained from the node between the transistors 067 
15 and 068 becomes high level in the test mode. 

Conversely, in the usual mode, the flip-flop circuit 
is latched in the state in which each potential of the 
nodes E and F becomes high level and low level, 
respectively, due to the potential of the node C. 
20 which Is lower than that of the node D. As a result, 
the potential of the above output signal TE becomes 
low level in the usual mode. Therefore, it is possible 
to switch the operational mode of the intemal circuit 
from the usual mode to the test mode, or vice versa, 
25 in accordance with the potential of the output signal 

^^However, in the differential voltage generator 
provided in the conventional voltage detecting 
circuit as shown in Fig. 28. if the potential VIN of the 
30 input signal supplied to the external '"P"? t^™"^' 
reaches a predetermined value (a value higher than 6 
Vth in this example, where Vth is a threshold voltage 
of each of the transistors 021 and 026). a 
predetemilned leak current flows through the tran- 
35 sistors 021 to 027. irrespective of the relationship 
between the potential VIN of the input signal and the 
potential Vcc of the positive side power supply line. 
In other words, even If the potential VIN of the input 
signal Is lower than a normal voltage for selecting the 
40 test mode (e.g.. (Vcc + 3 Vth). in the above 
example) a predetermined ieak current flows 
through the transistors 021 to 027. In this connec- 
tion It Is necessary to provide not only transistors 
021 to 024 between the external input terminal and 
45 the node C. but also transistors 025 to 027 between 
the node 0 and the negative side power supply line 
having the potential Vss . to pull down the potential 
of the node C to a value lower than that of the node 
D when the operational mode of the internal circuit 
50 is switched from the test mode to the usual mode as 
above-mentioned. 

As a result, although, in the usual mode, a 
predetermined potential lower than Vcc (e.g.. the 
potential of the address signal having the TTL level) 
55 is supplied to the external Input terminal, *rf the above 
potential supplied In the usual mode is higher than 6 
Vth in the above example, where the value of the 
above Vth is varied in accordance with the variation 
of the characteristics of the transistors 021 to 026. a 
60 predetermined current higher than 10 pA (microam- 
peres), for example, flows through the transistors 
021 to 027 in the usual mode. 

However, in such a semiconductor integrated 
circuit, the leak cun^ent due to the input signal 
65 flowing from the outside into the external input 
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terminal ot the semiconductor integrated circuit Is 
limited to. for example, within m ^A. as a rated value. 

Such a rated value is usually determined in 
accordance with the driving ability of the driver 
circuit for the semiconductor integrated circuit 
comprising, for example, the dynamic RAM. Namely, 
considering the actual state in the usual mode of 
such a semiconductor Integrated circuit, a number 
of semiconductor Integrated circuits (about one 
hundred semiconductor Integrated circuits, for 
example) are often driven in parallel by a common 
driver circuit. Therefore, if one hundred semiconduc- 
tor integrated circuits are driven by the common 
driver circuit and the value of each leak cun^nt 
flowing from the driver circuit into each externa) 
input terminal of the above semiconductor inte- 
grated circuits exceeds the above rated value (i.e., 
10 uA) the driver circuit must output a cun-ent 
having a total value in the mA (mllllampere) range, in 
order to drive the above one hundred semiconduc- 
tor integrated circuits. ^ , ^ 

Therefore, if the leal< current flowing from the 
driver circuit into the external input terminal of the 
semiconductor integrated circuit exceeds the above 
rated value (e.g., 10 pA). a problem arises in that the 
driving ability of the driver circuit is not sufficient for 
driving all of the above semiconductor integrated 
circuits in the usual mode and the possibility of the 
destruction of transistors provided in the driver 
circuit, for example, may arise. 

The present invention has been created in order to 
solve such a problem, and the main object of the 
present Invention Is to suppress the leak current 
flowing from the driver circuit Into the external input 
terminal of the semiconductor Integrated circuit m 
the usual mode. 

Figure 3A and Figure 3B show a detailed circuit 
Illustrating one embodiment of the row enable signal 
generating circuit 5 and the voltage detecting circuit 
(high voltage detection circuit) 6 according to the 
present invention, respectively. The construction of 
the circuit 5 shown in Fig. 3A is the same as that of 
the circuit shown in Fig. 2A. Also, In Fig. 3B. 
members identical to those of Fig. 2B are rep- 
resented by the same reference numerals or 
characters. 

The difference between the voltage detecting 
circuit 6 shown In Fig. 38 and the voltage detecting 
circuit 6 shown in Fig. 28 is that, in the differential 
voltage generator 61 provided in the voltage detect- 
ing circuit shown in Fig. 38. a predetermined number 
of transistors (e.g.. two transistors Q28 and Q29 
connected in series, as shown in Fig. 38) are 
additionally connected as a leak current compensat- 
ing means between the power supply line having the 
potential Vcc and a node Ml fonnned by two 
predetermined adjacent transistors of the transis- 
tors Q21 to Q27. In this connection. In the circuit 6 
shown in Fig. 38. the node fomied by the two 
transistors Q25 and Q26 is selected as the node N1. 
Also, the transistors Q28 and Q29 are enhancement 
type transistors having a drain and a gate connected 
in common. The transistors Q21 to Q25 function as a 
level shift means, and the transistors Q26 and Q27 
function as an Impedance means. 



Thus. In the circuit 6 shown ^n Fig. 38, the 
potential of the node N1 becomes (Vcc-2 Vth), 
where Vth Is each threshold voltage of the transistors 
Q28andQ29. ^ , ^ • 

5 As a result, even when the Input signal having the 
potential VIM is supplied to the differential yoitage 
generator 61 through the extemal Input termlna^, no 
current begins to flow through the transistors Q21 to 
Q27 unless the potential VIN becomes higher than 
10 the value of (Vcc - 2 Vth + 5 Vth). i.e., the value of 
(Vcc + 3 Vth). In other words, no current begins to 
flow through the transistors Q21 to Q27, unless the 
potential VIN of the input signal for switching the 
operational mode of the internal circuit reaches the 
15 value set In the test mode, I.e.. the value higher than . 
(Vcc + 3 Vth) In this embodiment. 

Therefore, when the operational mode of the 
internal circuit is in the usual mode and the potential 
of the Input signal becomes lower than Vcc (e-Q.. the 
20 potential of the address signal having the TTL level 
potential), no leak cun*ent flows fl-om the driwr 
circuit into the extemal input terminal. In this 
connection, as a predetermined current always flows 
from the power supply line Vcc to the power supply 
25 line Vss through the transistors Q28. Q29, Q26, and 
Q27, It is possible to lower the potential of the node 
C when the operational mode Is switched from the 
test mode to the usual mode. 
Although a predeterailned current flows from the 
30 extemal Input terminal- through the transistors Q21 
to Q27 vyrhen the operational mode of the Internal 
circuit Is in the test mode, this does not cause the 
above-mentioned problem, because the test, for 
such a semiconductor Integrated circuit Is success- 
es ively carried out one by one for each device (not in 
parallel) before forwarcflng. 

Figure 4 shows an example of charactenstlcs 
con-espondlng to the relationship between the 
potential VIN of the Input signal (con-espondlng to 
40 the abscissa) and the cunrent flowing into the 
extemal Input temilnal (con-espondlng to the ordi- 
nate) in both the differential voltage generator as 
shown in Fig. 38 and the conventional differential 
voltage generator as shown In Fig. 28 . In Fig. 4. a 
45 line 11 shows an example of the charactenstic 
according to one embodiment of the present 
invention as shown In Fig. 38. and a line 12 shows an 
example of the characteristic according to the 
conventional generator as shown in Fig. 28. In this 
50 connection, the power supply potential Vcc Is set 
to 5 volts and each threshold voltage Vth of the 
enhancement type transistors Is set to 0.5 volts 

As shown in Fig. 4. according to one embodiment 
of the present Invention, no current flows Into tiie 
55 extemal input tennnlnai unless the above potential 
VIN becomes higher than about 6.5 volts. I.e.. a 
higher value than (Vcc + 3 Vth) set In the test mode. 

Conversely. In the conventional differential voltage 
generator, the cun-ent begins to flow into the 
60 extemal Input terminal when the above potential VIN 
becomes, for example, about 2 volts. 

Figure 5A and Figure 58 are schematic timing 
diagrams explaining the operation of tiie voltage 
detecting circuit according to the present Inyention. 
W As above-mentioned, when the potential of tiie 
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row address strobe signal RAS supplied from the 
outside through the terminal 85 changes from high 
level to low level (namely, the potential of the row 
enable signal changes from low level to high level), 
the flip-flop circuit provided in the voltage detecting 
circuit 6 is triggered and brought to the active state. 

At that time, if the potential VIN of the input signal 
is a predetermined level set in the usual mode (the 
level is usually equal to the above-mentioned TTL 
level and usually lower than the Vcc level, as shown 
in Fig. 5A). the potential of the output signal TE 
obtained from the voltage detecting circuit 6 
becomes low (namely, Vss level), as shown in 
Fig. 5B. 

- Although the potential of the row address strobe 
signal BAS changes from low level to high level 
(namely, the potential of the row enable signal 
changes from high level to low level), the potential of 
the output signal TE Is latched in the above low level, 
as shown in the period of the ususd mode in Fig. 5B. 

Next, when the potential of the signal 
5aS changes from high level to low level, if the 
potential VIN of the input signal is a predetermined 
value set In the test mode (e.g., the value higher than 
the above (Vcc + 3 Vth). as shown in Fig. 5A), the 
potential of the output signal TE becomes high 
(namely, nearly equal to Vcc level), as shown in 
Fig. 5B. Thus, the operational mode of the internal 
circuit (e.g.. the memory cell array 1) is switched 
from the usual mode to the test mode, as shown In 
the switching mode period in Fig. 5B. 

Thus, subsequently, although the potential of the 
signal fSs becomes high, the potential of the 
output signal TE is maintained at the high level, and 
then, when the potential of the signal 
RAS changes from high level to low level, the 
operational mode of the internal circuit is shifted to 
the test mode, as shown In the test mode period in 

Fig. 5B. 

Although the potential of the signal RAS cycli- 
cally changes from low level to high level, the 
potential of the output signal TE Is latched in the 
above high level, as long as the potential VIN of the 
input signal maintains the above value set In the test 

mode. . X • I 

Thus, as long as the potential of the input signal 
maintains the value set in the test mode, test data is 
simultaneously written or read, to or from each of the 
corresponding memory cells provided in the mem- 
ory blocks 10 to 13. each time the potential of the 
signal RAS becomes low and the memory cell 
array becomes active. 

Although, in the above description, the case 
wherein the operational mode of the memory cell 
array is switched from a usual mode to a test mode is 
exemplified, it is also possible to switch the 
operational mode from the test mode to the usual 
mode in accordance with the change of the potential 
of the input signal by triggering the voltage detecting 
circuit 6 when the potential of the signal 
RAS changes from high level to low level. 

Also in the above embodiment, although the input 
signal is supplied from the outside, to the voltage 
detecting circuit 6 through the address terminal 84 
connected to the decoder 21 provided In the 
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functional block 2 for usual operation, other termi- 
nals such as data Input terminal 81 or data output 
tenninal 82 also may be used as the terminal for 
supplying the input signal, by intermittently supn 
plying the input signal in synchronism with the 
predetermined edge (the falling edgeof the poten- 
tial, for example) of the signal RAS. 

As described above, the potential VIN of the input 
signal in which the current begins to flow from the 
outside into the external input terminal of the 
semiconductor integrated circuit depends not only 
on the above threshold voltage Vth . but also on the 
power supply potential Vcc In other words, no leak 
cun-ent flows from the driver circuit into the external 
input terminal of the semiconductor integrated 
circuit, unless the potential VIN of the input signal 
reaches the value set In the test mode, e.g., the value 
higher than (Vcc + 3 Vm). 

As a result, it is possible to suppress the leak 
cun-ent flowing from the driver circuit into the 
external Input terminal of the semiconductor irite- 
grated circuit In the usual mode, and to reduce the 
driving ability of the driver circuit for driving a 
number of the semiconductor integrated circuits. 
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Claims 



1. A semiconductor integrated circuit having 
first and second power supply lines (Vcc.Vss) 
for receiving a power supply voltage; an 
•external input terminal (84) for recehnng an 
Input signal; a reference voltage generating 
circuit (Q31-Q34) for generating a reference 
voltage; and a differential voltage signal gener- 
ator comprising level shift means (Q21-Q25) 
connected to the external input terminal (84) for 
providing a detection voltage. Impedance 
means {Q26.Q27) connected between the level 
shift means and the second power supply line 
(Vss). leak current compensating means 
(Q28,'q29) connected between the first power 
supply line (Vcc) and the level shift means, and 
a differential voltage amplifier (62) connected to 
receive the detection voltage and the reference 
voltage for amplifying the difference between 
the detection voltage and said reference volt- 
age. 

2 A circuit according to claim 1, wherein the 
reference voltage generating circuit and the 
differential voltage signal generator define a 
high voltage detection circuit for detecting at 
the external input terminal (84) a high voltage 
higher than a predetermined voltage which is 
higher than the power supply voltage, the leak 
current compensating means allowing a current 
to flow from the first power supply line (Vcc) 
through the leak current compensating means 
and the impedance means to the second power 
supply line (Vss) when the high voltage is not 
applied to the external input terminal (84). 

3. A semiconductor integrated circuit accord- 
ing to claim 1 or claim 2. further comprising an 
internal circuit (9). the external input terminal 
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(84) receiving in use an Input signal for 
switching the operational mode of the internal 
circuit, wherein the level shift means and the 
Impedance means are provided by a plurality of 
first transistors (Q21-Q27) connected In series 5 
between the externa! input terminal (84) and the 
second power supply line (Vss), the detection 
voltage being generated at a first node (C) 
formed between adjacent first transistors 
(Q24-Q25), the leal< current compensating 10 
means comprising at least a second transistor 
(Q28, Q29) connected between the first power 
supply line and a second node (N1) formed 
between adjacent first transistors (Q25.Q26) of 
the level shift means and the Impedance means. IS 
and the reference voltage generating circuit 
comprising a plurality of third transistors 
(Q31-Q34) connected In series between the 
first and second power supply lines (Vcc.Vss) 
for generating the reference voltage at a third 20 
node (D) formed between two adjacent third 
transistors (Q31,Q32). the differential voltage 
amplifier (62) being connected to the first node 
(C) and the third node (D), for amplifying a 
differential voltage between the detection volt- 25 
age and the • reference voltage and thereby 
detennining whether the operational mode of 
the internal circuit Is a test mode or a usual 
mode. 

4. A semiconductor Integrated circuit accord- 30 
ing to claim 3, wherein the potential of the input 
terminal (84) becomes higher than that of the 

first power supply line (Vcc) In the test mode. 

5. A semiconductor integrated circuit accord- 
ing to claim 3 or claim 4. wherein the potential of 35 
the first node (C) becomes higher than that of 

the third node (D) in the test mode. 

6. A semiconductor integrated circuit accord- 
ing to any of claims 3 to 5. wherein the potential 

of the first node (C) depends on a change of the 40 
potential level of the Input signal. 

7. A semiconductor integrated circuit accord- 
ing to any of claims 3 to 6, wherein the 
potentials of the second node (N1) and the third 
node (D) are determined in accordance with a 45 
potential level of the first power supply line 
(Vcc). 

8. A semiconductor integrated circuit accord- 
ing to any of claims 3 to 7, wherein the potential 

of the Input terminal (84) becomes lower than 50 
that of the first power supply line (Vcc) In the 
usual mode. 

9. A semiconductor integrated circuit accord- 
ing to any of claims 3 to 8. wherein the potential 

of the first node (C) becomes lower than that of 55 
the third node (D) in the usual mode. 

10. A semiconductor Integrated circuit accord- 
ing to any of claims 3 to 9. wherein the input 
terminal (84) is used as an address tennlnai In 

the usual mode. ^ 

1 1 . A semiconductor integrated circuit accord- 
ing to any of claims 3 to 9, wherein the Input 
terminal (84) is used as data input terminal and 
data output terminal In the usual mode. 

12. A semiconductor integrated circuit accord- 65 



Ing to any of claims 3 to 11 . wherein each of the 
first, second, and third transistors is an en- 
hancement type transistor having a drain and a 
gate connected In common . 
13. A semiconductor integrated circuit accord- 
ing to any of the preceding claims, further 
comprising a control circuit (63) for the differen- 
tia! voltage amplifier (62) generating a first clock 
signal and a second delayed clock signal, 
wherein the differential voltage amplifier com- 
prises a fiip-fiop circuit to which the first clock 
signal and the second delayed clock signal are 
supplied, the state of the fiip-fiop circuit being 
determined in accordance with the detection 
voltage and the reference voltage when the first 
clock signal becomes a predetermined poten- 
tial level, and thefilp-flop circuit being triggered 
and latched when the second delayed clock 
signal becomes a predetermined potential level. 
14. A semiconductor Integrated circuit accord- 
ing to claim 13, wherein the clock signal Is used 
as a row enable signal. 
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